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▼The development of sensitive detection tools such as PCR
has made possible the analysis of even minute quantities of
DNA or RNA. Nevertheless, isolation of sufficient amounts
of these genetic materials from rare cell populations has still
remained one of the limiting factors in the analysis of gene
expression. This can be an even greater problem when it is
necessary to monitor the cell status at both DNA and RNA
levels in the same cells. Instead of dividing the small cell
population into two batches, one for RNA and one for DNA
extraction, here we describe a protocol for simultaneous
isolation of cytoplasmic RNA and chromosomal DNA from
the same cells.
By disrupting the cytoplasmic membrane but conserving
cell nuclei, RNA was isolated by ethanol precipitation from
the cytoplasmic fraction; chromosomal DNA was isolated
from the intact cell nuclei after removal of proteins and
contaminating RNA. The purity of RNA isolated in this way
was comparable to that of RNA isolated by ultracentrifu-
gation in a CsCl gradient (Fig. 1a), and we routinely used
this RNA for cDNA synthesis, reverse transcription-PCR or
northern blots. Also, genomic DNA isolated by this proto-
col was of high quality and was used for PCR or Southern
blot detection (Fig. 1b). We routinely used the simultane-
ous extraction method for collecting RNA and DNA from
a small subpopulation of immature rat thymocytes, which
consisted of less than 1% of the total thymic cell popula-
tion and were therefore very difficult to purify in desirable
numbers (Ref. 1). By the simultaneous isolation of DNA and
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RNA, we are now able to monitor recombinatory events at
the DNA level as well as induction of gene expression at
RNA level in these cells. By use of this method it is pos-
sible to analyze gene expression and regulation for DNA
and RNA within the same cell population, even when cell
numbers are limited.
Experimental protocol
Between 1 × 105 and 5 × 106 mammalian cells were used
for one preparation. We tested this method for primary
cells such as thymocytes and splenocytes, as well as for a
diverse array of cell lines, like Jurkat, A3.01, U937, NIH-
3T3 and L929. The cells were harvested, washed with PBS
(137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HPO4, 1.4 mM
KH2PO4, pH 7.3) and then carefully resuspended in 400 µl
of buffer A (10 mM HEPES, pH. 8.0, 10 mM KCl, 0.1 mM
EDTA, 0.1 mM EGTA, 1 mM DTT). After 10 min incubation
on ice, cytoplasmic membranes were selectively disrupted
by addition of 20 µl NP-40 (10%) and the suspension was
vigorously vortexed for 10 s. The cell lysate was immedi-
ately spun down for 30 s at 15,000 rev/min to separate
the cell fractions. The supernatant contained the cytoplas-
mic RNA, whereas the pellet contained the intact nuclei
from which we purified the DNA. An additional centrifu-
gation of the supernatant for 10 min at 15,000 rev/min as
well as the use of acidic phenol in the following protein
extraction step effectively prevented DNA contaminations
in the RNA fraction (Ref. 2). After transfer of the super-
natant to a new Eppendorf tube prelayered with 400 µl
of buffer B (10 mM Tris-HCl, pH 8.0, 7 M urea, 1% SDS,
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FIGURE 1. Quality of RNA and DNA isolated by the simultaneous extraction method compared with conventional methods. (a) Agarose gel
electrophoresis of 1 µg of cytoplasmic RNA from either primary rat lymphocytes (lane 1) or L929 mouse fibroblasts (lane 2) using the above described
method, or 1 µg of total RNA from L929 mouse fibroblasts (lane 3) by extraction with guanidinium thiocyanate followed by centrifugation in a CsCl
gradient (Ref. 5). (b) Agarose gel electrophoresis of 1 µg of chromosomal DNA from either primary rat lymphocytes (lane 1) or L929 mouse fibroblasts
(lane 2) using the above described method, or 1 µg of genomic DNA from L929 mouse fibroblasts (lane 3) using the method as described by Laird et al.
(Ref. 6).
0.3 M sodium acetate, 20 mM EDTA) and 700 µl of phenol
(pH 4.5)/chloroform/isoamylalcohol (25:24:1), the mixture
was vigorously vortexed and subsequently centrifuged for
10 min at 15,000 rev/min. The upper aqueous phase was
transferred to a fresh tube and the RNA finally precipitated
by adding 2.5 volumes of absolute ethanol (Ref. 3, 4). Our
method yielded 3 or 15 µg cytoplasmic RNA from 1 × 105
and 5 × 106 primary, unstimulated lymphocytes, respec-
tively. The RNA amounts was greater (up to 70 µg) when
concavalin A-stimulated lymphocytes were used.
To isolate chromosomal DNA, nuclear membranes were
lysed by resuspension of the isolated cell nuclei in 500 µl of
buffer C (50 mM Tris-HCl, pH 8.0, 20 mM EDTA, 2% SDS)
followed by incubation on a shaker for 15 min at room
temperature. Then 25 µl of proteinase K (10 mg/ml) was
added and the mixture incubated for a further 2 h at 56◦C.
Contaminating RNA was removed by an optional RNase
treatment step for 30 min at 37◦C with 10 µl of RNase A
(1 mg/ml). After incubation, the proteins were precipitated
by addition of 200 µl of saturated NaCl solution andmixing
vigorously for 10 min on a shaker. The precipitates were re-
moved by centrifugation for 15 min at 10,000 rev/min and
the clear supernatant containing the chromosomal DNA
was transferred to a new Eppendorf tube. The DNA was
precipitated by adding 2 volumes of absolute ethanol and
recovered by centrifugation for 20 min at 15,000 rev/min.
Using this method, we obtained 0.2−10 µg of DNA de-
pending on the number of cells used. The quality of DNA
was evaluated by performing gel electrophoresis, PCR and
Southern blots.
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